The abundance, sex ratio, growth, sexual maturity, morphological sex dimorphism, and reproduction of the portunid crab Charybdis bimaculata was studied in Tokyo Bay, Japan, between November 2002 and October 2003. Relative abundance [inferred from catch-perunit-effort (CPUE)] was higher and lower during summer and winter months, respectively. The proportion of males varied between 0.2-0.5 throughout the year and the overall sex ratio was greatly biased toward females. The population had a unimodal size frequency distribution and the life-span was estimated to be about one year. Growth was not depressed in winter and was adequately described by the von Bertalanffy growth equation. The puberty molt in males brought about changes in the relative size of the chelipeds and gonopods and was estimated to occur within a carapace length (CL) range of 12.50-16.00 mm. Puberty in females was evidenced by a sharp increase in the pleon width and was estimated to occur at CLs between 11.34 and 16.74 mm. Morphological sexual dimorphism was observed in all features which showed secondary sexual development (cheliped dimensions, carapace and pleon width, and body weight). Ovarian development was uniformly arrested only during winter but began developing in early spring, and mating (insemination) increased in frequency between spring and summer. Ovigerous females were found in all seasons except for winter, but were more common during the warmer months. Batch fecundity ranged from 8,300 to 38,400 eggs per female and was positively correlated with body size. C. bimaculata displays the typical reproductive features and spawning pattern of temperate portunid crabs in spite of its short life-span.
INTRODUCTION
Charybdis bimaculata (Miers, 1886 ) is a small portunid crab species (,35 mm in carapace width) recorded from Japan, Korea, China, Taiwan, Australia, India, and South Africa (Miyake, 1998) . In Japan, this crab is found predominantly in inner bays (Kubo and Asada 1957; Ogawa, 1998; Narita and Sekiguchi, 2002; Narita et al., 2003; Doi et al. 2004) , where it inhabits the sandy bottom between the intertidal and depths up to 439 m (Miyake, 1998) . This species is a common by-catch in the small beam trawling for an edible mantis shrimp in Tokyo Bay, but is discarded because of its small size (Miyake, 1998) and the lack of commercial value. Nevertheless, the species plays an important role in the benthic assemblage of the bay, serving as forage for demersal fishes (Kume et al. 1999; Yamaguchi and Taniuchi, 2000) .
Tokyo Bay has experienced frequent physical (reclamation, dredging, etc.) and chemical (occurrence of eutrophicationrelated hypoxia and/or acidification) alterations. Bottom trawl sampling over two decades (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) demonstrated changes in the assemblage of demersal fish and invertebrates that were apparently synchronized with the environmental changes in the bay (Kodama et al., 2002) . For instance, many benthic species have decreased in abundance but the population size of a few opportunistic species actually increased (Furota, 1997) . One species that increased abundance is the spider crab Pyromaia tuberculata (Lockington, 1877), which invaded and established a large population throughout the bay (Furota, 1996a, b) . Thus, the abiotic and biotic conditions of the bay have changed considerably during the past half century. In spite of such changes, however, the numerical dominance of C. bimaculata has persisted from the 1950s (Kubo and Asada, 1957) to the present (Doi et al., 2004) . It is of interest to know what biological characteristics make this species so adaptable to environmental changes.
Previous studies on the biology of C. bimaculata have reported the morphological characteristics of the zoea and megalopa (Hwang and Kim, 1995) , the growth, spawning season, and size of sexual maturity of females in the Seto Inland Sea (Ogawa, 1998) , the stomach contents in Ise Bay (Narita and Sekiguchi, 2002) , cheliped handedness (Lee, 1995; Yamaguchi and Tokunaga, 1995) , and genetic relationships with other species (Heo et al., 2003) . There are numerous reports on the population biology of other portunid crabs, but most of them are limited to large-sized and/or commercially important species. In spite of the relatively high abundance of this species (Kubo and Asada, 1957; Ogawa, 1998; Doi et al., 2004) , the only populations studied so far are those of Isa Bay (Central Japan; Narita et al., 2008) and Seto Inland Sea (Western Japan; Ogawa, 1998) . In this context, the purpose of this study was to clarify the life history of C. bimaculata in Tokyo Bay (Eastern Japan). This was accomplished by a comprehensive anatomical and morphological analysis of growth, onset of puberty, sex dimorphism, sexual maturation, spawning, and fecundity using materials collected monthly over one year.
MATERIALS AND METHODS

Location and Conditions of Sampling
Samples were collected monthly between November 2002 and October 2003 in the middle part of Tokyo Bay (Fig. 1 ) using a small beam trawl.
The trawl net had a beam length of 6 m, a mouth height of 0.5 m, and a width of 5.5 m. The cod end mesh size was 18 mm. Sampling was performed once a month during daytime in one randomly selected and six fixed stations in the area at depths ranging from 13 to 27 m. Towing was performed for 5-25 minutes (mean 6 SD, 15.2 6 3.6) at a ship speed of 2.5-3.0 km (3.1 6 0.2). Specimens were preserved in 10% formaldehyde seawater on board for later analysis in the laboratory.
Sorting of Specimens and Body Size Measurements
Crabs were sexed by the form of the pleopods and the females were checked for the presence of attached eggs on the pleopods; ovigerous females were further noted as bearing early (non-pigmented eyes) or late (pigmented eyes) developing eggs. All individuals were then measured for carapace length (CL) using a vernier caliper to the nearest 0.01 mm and wet body weight (BW) with an electronic balance to the nearest 0.01 g. Damaged specimens were excluded from weight measurement. Carapace width (CW), propodus length (PL), height (PH), and width (PW) of the crusher (major) cheliped (Yamaguchi and Tokunaga, 1995) , and the width of the sixth pleomere (AW) were also measured in 401 and 491 representative, randomly selected males and females, respectively. Measurements of the smallest individuals and the length of the right gonopod (GL) in males were performed using a micrometer under a stereo microscope.
Modeling of Body Growth
The growth in CL of male and female C. bimaculata was modeled using the von Bertalanffy growth equation, CL t ¼ CL ' f1 À exp [ÀK (t À t 0 )]g, where CL t is the CL (mm) at age t (months), CL ' (mm) is the asymptotic CL, K (mo À1 ) is the growth coefficient, and t 0 is the age when CL t ¼ 0. To fit the growth curve to the data, the parameters which minimized the residual sum of squares were estimated using Solver, a non-liner optimization tool in Microsoft Excelä (Haddon, 2001) . Moreover, during parameter estimation, the CL of first instar juveniles (CL 0 ), which is unknown for C. bimaculata, was set at an upper limit of 2.60 mm. This is the CL 0 of the related portunid species Charybdis japonica (A. Milne-Edwards, 1861) (see Yatsuzuka, 1952) and the choice of this constraint seems appropriate because the reported CL for the megalopa of C. bimaculata is smaller (1.90 mm; Hwang and Kim, 1995) than that of C. japonica (2.50 mm; Yatsuzuka, 1952) .
Morphometric Analysis of the Size at Sexual Maturity and Sex Dimorphism
Analysis of the relative size of various body parts to CL was used to determine the size at sexual maturity, e.g., puberty (Hartnoll, 1974 (Hartnoll, , 1978 (Hartnoll, , 1985 , and the occurrence of morphological sex dimorphism in C. bimaculata. The relative growth of body parts to CL was tentatively described by either a single regression line (isometric growth) or a pair of regression lines (allometric growth). For the two-line fitting, data were divided into two clusters, assumed to represent the pre-and post-puberty phases, either by using Akaike's information criterion (AIC) (Akaike, 1973) or the method of Knuckey (1996) . In the former, the inflection point was estimated by stepwise calculation with increments of 0.1 mm. In the latter method, frequency distributions of each measurement per CL class were constructed and the parameters for the two normal distributions were estimated by the maximum likelihood method using Solver. The same method was used also to determine parameters a and b for calculation of the percentage ratio of post-pubertal females (P) per 1 mm CL class (CL c ) using the logistic curve PðCL c Þ ¼ 100=½1 þ exp ðaCL c þ bÞ:
The relationship between CL and BW of males and females was also compared and, for this purpose, a power function was fitted by the nonlinear least square method using Solver.
Analysis of the Reproductive Cycle
Only post-pubertal specimens were utilized in the analysis of the reproductive cycle. A cut-off size of 12.5 mm CL was adopted for males based on the size at sexual maturity as determined by morphological analysis (see Results and Discussion). The cut-off size adopted for females was that for the smallest ovigerous specimen encountered (11.83 mm CL) because a clear cut-off size could not be obtained through morphological analysis. The ovaries and seminal receptacles from females and the testisvas deferens complex from males were removed and weighed to the nearest 0.01 g. Gonad index (GI) was calculated by the following equation for both sexes:
where GW represents the weight of the ovary or testis-vas deferens complex in females and males, respectively. The size and appearance of the seminal receptacles was observed under a stereo microscope and categorized in three stages: stage I (seminal receptacles could not be detected), stage II (seminal receptacles visible but withered), and stage III (seminal receptacles partially or fully swollen with spermatophores).
Estimation of Fecundity and Egg Size
Egg masses were detached from the pleopods of ovigerous females and weighed to the nearest 0.01 g. A subsample of about 3000 eggs was taken from the egg mass, weighed, and the eggs were counted under a binocular micrometer. Fecundity (clutch size) was then determined by the gravimetric method using the egg count and weight information. Measurement of egg size was performed using ten randomly selected ovigerous females with pigmented-and non-pigmented eyed eggs. Eggs were detached from the pleopods and measured under a binocular microscope with the aid of a micrometer. The mean egg diameter for each female was calculated as the average of the major and minor axis lengths of about 30 eggs.
RESULTS
Catch-Per-Unit-Effort (CPUE) and Sex Ratios A total of 3011 individuals were collected during the sampling period, consisting of 954 males, 1974 females, and 83 animals whose sex could not be determined, parasitized by the rhizochephalan barnacle Heterosaccus. The number of individuals collected per trawl was corrected by the duration of trawling to represent the results in CPUE. The monthly CPUE varied inconsistently throughout the observation period, but low and high periods could be recognized in September-October and June-August, respectively (Fig. 2) . The monthly sex ratios (proportion of males) varied significantly (v 2 test, P , 0.001; Fig. 2 ), but females outnumbered males in all months (binomial test for departure from 1:1, Ps , 0.05) except January 2002 (binomial test, P ¼ 0.065). The overall sex ratio was therefore significantly female-biased (binomial test, P , 0.001). The proportion of females and males were approximately constant in all size classes except among 
Growth
The size of the individuals collected in this study ranged from 5.35 to 24.14 mm CL for males (mean 6 SD, 14.95 6 3.45) and from 4.94 to 20.75 mm for females (mean 6 SD, 14.52 6 3.14). The mean CL was significantly larger in males (U-test, P , 0.001) and the size frequency distributions (Figs. 3, 4) were significantly different between the sexes (Kolmogorov-Smirnov test, P , 0.001). The monthly size frequency distributions were unimodal except for males in October 2003, when a small, newly recruited individual (7.74 mm CL) was found among the four males collected (Fig. 4) . The CL modes could be easily followed and increased gradually from 10-12 mm in November 2002 to 17-18 mm in June 2003 for both sexes. Thereafter, the mode of males continued to increase whereas that of females remained constant until September, with the result in that males showed significantly larger mean CL than females during this period (U-test, Ps , 0.05). For growth modeling with the von Bertalanffy equation, the ages of individuals were estimated by arbitrarily assigning June 1 as the day of spawning based on the first mass appearance of ovigerous females (see Fig. 4 and the results of reproductive cycle) and on an estimated period from spawning to settlement of about two months (Doi et al., unpublished observations) . As inferred from the estimated growth equations (Fig. 5) , males had a slightly lower K value, but reached a larger size at each age and a larger asymptotic size than females.
Morphological Analysis of Sexual Maturity
The onset of sexual maturity in males was associated with significant changes in the relative dimensions of the chelipeds and gonopods, but not in carapace and pleon width (Table 1, Fig. 6 ). Thus, the growth rates of PL, PH and PW in relation to CL increased after puberty, whereas that of GL decreased. The inflection points between growth phases of the PL and PW were estimated at 13.70 mm CL, whereas those for the PH and GL were 16.00 mm and 12.50 mm CL, respectively. Sexual maturity in females was accompanied only by a change in pleon width in proportion to carapace length (Table 1, Fig. 7A ). Accordingly, pre-pubertal females had AW/CL ratios 0.57 whereas post-pubertal females, which included all ovigerous females, had ratios .0.57. In spite of such marked difference, however, the relative growth rate of AW on CL in females was not significantly different before and after the puberty molt (ANCOVA, P ¼ 0.162; Table 1 and Fig. 7A ). The relationship between the ratio of postpubertal females to CL c , as estimated from the relative size of the pleon, was described by the logistic equation ( The P (CL c ) was 0% and 100% below 11.00 mm and above 18.00 mm CL, respectively, and the CL 50% value was estimated to be 14.62 mm.
Sexual Dimorphism Sexual dimorphism in body dimensions relative to CL was found in all body parts that were examined and, in some features, such as CW, PW, and AW, significant differences were noted already before puberty (Table 1) . A significant sexual difference was found also in the rate of increase of body weight relative to carapace length, which was described by power equations for both sexes (likelihoodratio test, P , 0.001; Fig. 8 ). The BW of males increased noticeably faster than that of females at CLs over 14.00 mm.
Reproductive Cycle
The minimum and maximum gonad indices (GI) recorded in males during the entire observation period were 0.19 and 2.65, respectively (Fig. 9) . Males with high GIs (.1.5) were more common between March and August but still constituted only a small fraction of the male population. The lowest mean and minimum GIs were observed between December and February.
The GIs of females had annual minima and maxima of 0.12 and 10.22, respectively (Fig. 10) . In non-ovigerous Fig. 3 . Size frequency distributions (bars) and sex ratios (proportion of males; dots) per carapace length class of Charybdis bimaculata in Tokyo Bay. Asteriks indicate sex ratios which are significantly different from 1:1 (binomial test; * P , 0.05; ** P , 0.01; *** P , 0.001). females, the mean GI increased progressively from lowest values in December-January to a peak in August-September and then decreased. Individual values showed a bimodal distribution between February, when high values were first observed, and July. Thus, only 10-30% of the non-ovigerous females during this period had GIs above 4 whereas the other individuals remained with baseline GI values. Ovigerous females with pigmented eyed eggs had higher mean GIs than those with non-pigmented eyed eggs in all months except October and the differences were statistically significant in June and September (U-test; P , 0.001).
Ovigerous females were found in all months except during the period of December-February, but only represented a significant proportion (.50%) of the female population between June and October (Figs. 4, 10) . Females with pigmented eyed eggs were found only between May and October. The CL of ovigerous females ranged from 11.83 to 21.27 mm, with a mean (6SD) of 17.03 (61.53) (N ¼ 550). The proportion of inseminated females (females with moderately to distended seminal receptacles) increased gradually from November to June and was 100% between July and October, after which it decreased abruptly (Fig.  11) . Females with the fullest distended seminal receptacles peaked in June.
Fecundity and Egg Size
The CW of the 32 ovigerous females used for the fecundity analysis ranged from 12.72 to 20.14 mm (mean 6 SD, 16.60 6 1.91). Fecundity (F) varied from 8,300 to 38,400 ( Fig. 13) and was positively correlated to CL as follows: F ¼ 2. 914 CL 3.125 (N ¼ 32, R 2 ¼ 0.900). Egg diameter ranged 0.27 to 0.31 mm (mean 6 SD, 0.28 6 0.01, N ¼ 10) for females with non-pigmented eyed eggs and 0.29 to 0.36 mm (mean 6 SD, 0.31 6 0.02, N ¼ 10) for those with pigmented eyed eggs. Pigmented eyed eggs were significantly larger than non-pigmented ones (Utest, P , 0.001).
DISCUSSION Relative Abundance (Changes in CPUE)
Relative abundance, as inferred from the monthly CPUEs, fluctuated irregularly but, in general, was higher and lower in warmer and colder months, respectively. CPUE decreases during cold months are typical among temperate portunid crabs and are often the result of migration to more suitable areas (Shiota and Kitada, 1992; Ariyama, 1993) and/or concealment within the substrate (van der Meeren, 1992) for overwintering. The methods and results of this study do not allow us to elaborate on the extent of such behaviors in C. bimaculata. For instance, the mantis shrimp fishing gear (18 mm mesh size cod-end) used in this study likely introduced a negative bias in population abundance in winter because crabs born between spring and autumn (see below) were still too small to be caught by the net. However, the disappearance of the largest individuals after Table 1 . Parameters of the regression lines y ¼ a þ bx used in the morphometric analysis of Charybdis bimaculata. *1 Numbers in parentheses represent the AIC values for single, straight line fitting. *2 No significant difference between the slopes for the two lines (ANCOVA, P ¼ 0.162). *3 Statistical significance of the slope (b) (t-test; yy P , 0.001). *4 Statistical significance between the sexes (ANCOVA; y P , 0.05; yy P , 0.001; NS P . 0.05). Abbreviations: AIC, Akaike's information criterion; AW, fifth pleomere width; CL, carapace length; CW, carapace width; GL, length of first right gonopod (male); NA, not applicable; PH, propodus height of major cheliped; PL, propodus length of major cheliped; PW, propodus width of major cheliped. August-September, which likely reflects the lifespan of this species (see below), is clearly evident from size frequency distributions and may explain part of the sharp drop in abundance observed from autumn and into the colder months.
Sex Ratio The sex ratio of C. bimaculata in Tokyo Bay was considerably biased toward females almost throughout the year. Deviations from a 1:1 sex ratio are not rare in natural populations of portunid crabs (Abelló et al., 1990; Padayatti, 1990; Sumpton, 1990a; Lee and Hsu, 2003) and have been previously observed also in C. bimaculata, but not in an uniform fashion. For example, sex ratios of this species in the Seto Inland Sea, about 500 km southwest from Tokyo, were either male-biased (binomial test, P , 0.001; males:females ¼ 414:316; Anonymous, 1974) or slightly female-biased (binomial test, P , 0.01; males:females ¼ 3031:3295; Ogawa, 1998) on two occasions. Sex ratio deviations in crab populations usually involve sexual differences in longevity (survival rate), migration, growth rate, and even sex reversal (Wenner, 1972) . In fact, there is abundant information about differential migration between the sexes for reproduction among Portunidae (Potter et al., 1983; Choy, 1988; Hill, 1994; Balasubramanian and Suseelan, 2001; Lee and Hsu 2003; Forward et al., 2003; Rewitz et al., 2004) . At this time we cannot support or reject any specific explanation for C. bimaculata in Tokyo Bay, but it is possible that reproduction-associated migration is involved because the sex bias was greater during the reproductive season. Interestingly, this is also a period of relatively higher abundance, as discussed above, and we observed a marginally significant correlation between CPUE and the proportion of females in the population (Doi et al., unpublished results) . Further studies using simultaneous and comprehensive sampling throughout the bay must be performed to explore all the above possibilities and clarify the reasons for the biased sex ratio.
Lifespan
Several age classes have been identified in most wild populations of portunid crabs (Lee and Hsu, 2003; de Lestang et al., 2003; Lee et al., 2005; Behrens Yamada et al., 2005 ). An exception is Chabrydis smithii McLeay, 1838, whose lifespan was estimated to be one year (van Couwelaar et al., 1997) . The population of C. bimaculata examined in this study seems to be composed of only one cohort because the size frequency distribution was unimodal for all months excepting October, when one individual visibly smaller than the rest and likely to be a new recruit was collected. The assumption that this and other small individuals found in autumn and winter months are recruits born on the same year is consistent with the presence of ovigerous females between May and November and the estimated growth rates for C. bimaculata in Tokyo Bay (see below). Finally, the largest individuals disappeared from the population during OctoberNovember, which also marked the end of the reproductive season (see below). These results are strong indications that the lifespan of C. bimaculata in Tokyo Bay is about one year (or more precisely 11-19 months assuming birth dates between May and November). Other crab species from the same area have life spans of about three to four months as in Pyromaia tuberculata (Furota, 1996b) , two to four years as in Charybdis japonica (Ogawa, 1997; Kim, 2001) and Portunus trituberculatus (Miers, 1876 ) (see Ariyama, 1993) , and at least three years as in Carcinus aestuarii Nardo, 1847 (see Furota et al. 1999 ).
Growth
In many temperate portunid species growth slows down or ceases completely in winter (Ariyama, 1992; Hamasaki, 1996) because the cold temperature lengthens the intermolt period and decreases molt increment (Hartnoll, 1982) . In such cases, seasonal growth curves have been applied for modeling the progressive increase in size with time (de Lestang et al., 2003; Lee and Hsu, 2003; Lee et al., 2005) . In the case of C. bimaculata, however, growth rates did not slow down in winter and the von Bertalanffy growth equation gave a good fit to the data. This might be an indication that C. bimaculata has a lower temperature optimum for growth than other portunids, a fact that seems to be born also by its eurybathic distribution and occurrence at depths in excess of 400 m (Miyake, 1998) . Another interesting fact was that we could not distinguish multiple cohorts in spite of the fact that C. bimaculata in Tokyo Bay had a protracted reproductive season (see below). In general, recruits from a long reproductive season form several cohorts identifiable in size frequency distributions (van Couwelaar et al., 1997; Ariyama, 1993) . The lack of such cohorts in C. bimaculata may be related to the fact that spawning females in seasons other than summer, e.g., spring and autumn, are relatively few and that their offspring probably do not make significant contribution to recruitment.
Sexual Maturity and Sex Dimorphism
Secondary sexual development in body structures is closely related to the attainment of functional sexual maturity in crabs. For example, large chelipeds are often important in males because they are associated with combat, display, and courtship of potential mates (Hartnoll, 1974; 1978; 1982) . With the gonopods, on the other hand, intermediate sizes seem to be advantageous because they allow copulation of females of various sizes and hence maximize reproductive fitness (Hartnoll, 1974) . This study revealed increases and decreases in the size of the chelipeds and gonopods, respectively, relative to carapace width in male C. bimaculata after puberty. Furthermore, the morphometric analysis of these structures provided an estimated size at puberty between 13.70-16.00 mm CL based on major cheliped propodus dimensions (length, width, or height) and 12.50 mm CL based on gonopod length. In portunid crabs which can swim, such as C. bimaculata, the chelipeds generally grow slower after puberty than in strictly benthic species (Davidson and Marsden, 1987; Abelló et al., 1990) . For this reason, and because the gonopods are fundamental for insemination of females, it is likely that the estimate based on this character reflects most accurately the body size of males at sexual maturity.
For females, sexual maturation-associated allometric growth was found only in pleon width, which increased abruptly at puberty. This pattern of morphological change agrees with the general pattern for brachyuran females (Hartnoll, 1974) . However, we observed a broad overlap between the body sizes of pre-and post-pubertal females and it was impossible to obtain a clear-cut estimate of the body size at sexual maturity from this character. Such large variation in female body size at puberty has been observed also in other species of Charydis (van Couwelaar et al., 1997; Sumpton, 1990b; Chu, 1999; Ogawa, 1997; Kim, 2001; Mantelatto and Garcia, 2001 ) but the reasons for this variation still remain unclear. In the case of C. bimaculata, it could be related to the long spawning season and the fact that animals grow under varied environmental conditions, or alternatively, to genetic differences between the early and late maturing females.
As expected, sexual dimorphism in C. bimaculata was observed in all body parts which showed secondary sexual development. Moreover, some characteristics, e.g., carapace width, major cheliped propodus width, and pleon width, showed sexual dimorphism even before puberty. Body weight also showed sexual dimorphism, increasing relatively faster in males than in females, and this was probably associated with the enlargement of the male chelipeds.
Reproductive Cycle
Ovarian development of C. bimaculata in Tokyo Bay showed large individual variation and was arrested uniformly only during the winter months. Gonadal maturation of females began in early spring and peaked during summer months. Males showed a relatively uniform degree of gonadal maturation and, with the exception of the coldest months (October-February), appeared to be reproductively competent throughout most of the year. Mating, as inferred from the condition of the seminal receptacle of females, increased in frequency between early spring and summer, remained common during autumn, and then diminished abruptly in the beginning of winter. Oviposition, as inferred from the occurrence of ovigerous females, was common between spring and autumn (April-October) and absent in the coldest months (December-February). The duration of the ovigerous period in portunid crabs from the temperate western Pacific Ocean is centered on the warmer months, e.g., three (June-August) or five months (May-September) in C. japonica (Ogawa, 1997; Kim, 2001) , five months (April-August) in P. trituberculatus (Ariyama 1993; Fig. 8 . Relationship between carapace length (CL) and body weight (BW) in Charybdis bimaculata. Hamasaki, 1996; Imai et al. 1998) , and six months (AugustJanuary) in Portunus sanguinolentus (Herbst, 1783 ) (see Ariyama, 1996) . The ovigerous periods of sympatric crab species in Tokyo Bay include throughout the year in P. tuberculata (Furota, 1996a) , three months (August-October) in Carcinoplax vestita (de Haan, 1835) (Doi et al., 2007) , and four months (May-September) in P. trituberculatus (Ai and Yamazaki, 1995) . Thus, C. bimaculata has one of the longest spawning seasons among crab species from Tokyo Bay. Moreover, we surmised that females are able to spawn more than once per spawning season because ovigerous females generally had high GI values and because those with the more developed, pigmented eyed eggs had higher GIs than those with less developed, non-pigmented ones. An on-going study on the length of the incubation time should help clarify the number of spawnings made by each female during one reproductive season and their entire life time.
Fecundity
The estimated fecundity for C. bimaculata was 8300-38,400 eggs per clutch for a range of carapace width of 18-33 mm. Other species of Charybdis have 94,226-473,151 eggs as in C. japonica (47-77 mm CW; Kim, 2001) , 180,000-980,000 eggs in C. natator (Herbst, 1794) (100-117 mm CW; Sumpton, 1990a) , and 52,000-310,000 eggs in C. feriata (Linnaeus, 1758) (67-121 mm CW; Padayatti 1990 ). These results indicate a strong positive linear relationship between the body size and the clutch size (see also Reid and Corey, 1991) . Moreover, the eggs of C. bimaculata are between 0.27 and 0.36 mm in diameter and this size range seems to be common among species of Charybdis (Kurata and Matsuda, 1980; Padayatti, 1990; Ogawa, 1997; Dineen et al., 2001) . Therefore, the relatively low fecundity of C. bimaculata is simply a result of its small body size compared to other species.
Life History
While this study was based on a single year of observations, the data shown herein on the seasonal patterns of CPUE, growth, and occurrence of ovigerous females match precisely the preliminary information on the same population from previous studies (Doi et al., 2004) . This suggests that the year of sampling was representative for the population under study and lends credits to the conclusions of this study as regards these features, reproductive cycles and life history. Based on the information available to date, the life history of C. bimaculata can be summarized as follows. Spawning occurs between spring and autumn with a peak in summer and the young crabs hatched early in the reproductive season attain recruitment size in autumn. Individuals hatched at later dates are progressively recruited even during winter months owing to the absence of growth seasonality. Ovarian development, mating and insemination of females begin in the end of winter. The majority of the females are inseminated and carry eggs around summer, and they seem to be able to spawn more than once during the reproductive season. Senescence-related mortality occurs in autumn-winter, ending the life cycle of C. bimaculata in about one year (11-19 months). The opportunistic life history traits of C. bimaculata, such as the long reproductive season and fast growth, may be behind the robustness of this species in unstable environments such as Tokyo Bay. 
